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Nof fe t t  F i e l d ,  C a l i f o r n i a  

ASSTR@-CT. Fasted fezale Sprague-Dawley rats x e r e  exposed t o  4.5 2 for 

varying pe r iods  ranging from 0.5 t o  96 h r  employing an 8.5-foot r ad ius  

c e n t r i f u g e .  

-- - _  _ _ ~  

During t h e  f i r s t  24 hr, t h e r e  was a s i g c i f i c a n t  m 6  s u s -  -_ _- 

t a i n e d  inc rease  i n  blood glucose,  plasxa f ree  f a t t y  ac id ,  and plasrra 

c o r t i c o s t e r o n e .  Plasma f r e e  anino acids Tiere decreased. Seve ra l  of 

the glucogenic amino a c i d s  ( a l a n i n e ,  a r g i n i n e ,  phenylalanine- tyrosine 

and p r o l i n e  ) were decreased p r e f e r e s t i a l l y .  Tnere was a p rogres s ive  

glycogen response w a s  e l iminated 3y adrenalectorcy and h:cophysectoxy. 

Adrenodenedullated rats showed a decreased glycogen response.  Alloxan- 

i n i t i a l l y  high l e v e l s  p re sen t .  The cox3ised s t r e s s e s  oT c e n t r i f c g a t i o n  

and s t a r v a t i o n  e f f e c t e d  a rcarked de-oletion of bo th  l i ve r  and gastroc-  

nerfiius muscle glycogen. 

l i v e r  glycogen w i t h  2 concoxitac; la11 i n  n i s c l e  glycogec. 

clu6ed that  t h e  l i v e r  ,lycog:er. 

Sza rva t ioa  aloce r e s u l t e d  i n  an inc rease  i n  

It i s  con- 

; o s l t e d  ir. a c c e l e r a t i c n  L-zressed rats 

of z?-e s i t u i t a r y - a c r  ,;stex. 

1,30r7;ions of t h i s  paper  were preser,:sa a t  t h e  48% AxLua1 Meeting 

c: zhe Federat ion of American Soc ie t i e s  f o r  E;xperizel;taal 3iology, 
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I n  previous work f r o n  t h i s  la3ora tory  (l), it vas reported t h a t  one 

of t'ne s i g n i f i c a z t  stress eTfects i n  f a s t e d  x i c e  exposed t o  cer i t r i fuga l  

a c c e l e r a t i o n  is  a narked increase  i n  l i v e r  glycogen deposi'ion. S imi la r  

e iYects  have a l s o  been noted i n  anirrals exposed t o  o-Aer  s t r e s s e s  includ-  

ing  x - i r r a d i a t i o n  ( 2 ) ,  prolonged starva-qion ( 3 )  , and sca ld ing  ( k )  . Tiere  

i s  much evidence t o  support  t h e  view t h a t  t h i s  Increased l i v e r  glycogen 

depos i t i on  is  due t o  t h e  skimulation of ad renocor t i ca l  f a r e t i o n .  How- 

ever, o the r  f a c t o r s  are undoubtedly invoived s ince  o the r  s t r e s s f u l  

s t i m u l i  which a f f e c t  ad renocor t i ca l  e c t i v i t y ,  such as severe exe rc i se  ( 5 ) ,  

h m o t h e m i a  ( 6 )  , C C l c  i n tox ica t ion  (7 ) , and t ransplan ted  twaors (8) ,,-do 

not l e a d  t o  an increase  i n  l i v e r  glycogen depos i t ion .  

This  s tudy w a s  undertaken t o  invesTigate the  xe t abo l i c  responses of 

induced l i v e r  glycogenesis.  
.- 

?"ater ie ls  acd Methods 

Aninals .  Fernale Sprague-Cawley rats weigl53g 175 -300 g were used i n  

these  s t u d i e s .  b-imals were housed i n  a n  a i r -condi t ioned  roo3 next t o  t h e  

c e n t r i f u g e  f a c i l i t y .  They w e r e  maintained on Purina Laboratory Chow 

and had f r e e  access  t o  water. 

(DFX), and adrenodemedullated ( D M )  rats were obtained from Sirnonsen 

Laboratory, Gilroy, Calif. Coixpleteness of hypophysectomy and adrena l -  

Hypophysectornized (hYPOX) , adrenalectomized 

ectomy w a s  

were given 

purposes.  

of a l loxan  

checked a t  autopsy by nacroscopic examination. hYPOX rats 

5% ~ ~ C O S S  :.x. L2Jm r a t s  0.9% s a l i n e  s o h t i o f l  f o r  dr inking  

Alhxan-c;ibe-ces w a s  induced by t h e  i n t r a p e r i t o s e a l  i n j e c t i o c  

(200 mg/kg) i n t o  72 h r  f a s t e d  rats. I n s u l i n  ( 2  U / r a t )  wes  

-2 - 
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a h - i n i s t e r e d  d a i l y  f o r  t he  f i r s t  week only t o  reduce t h e  rcor ta l i ty  rate. 

The a l loxan-d iabe t ic  rats were used one month a f te r  t res tment  and only 

those  having overnight  f a s t i n g  blood glucose l e v e l s  exceeding 350 mg 

p e r  100 ml were used i n  t h i s  s tudy.  

Centr i fuge.  

r ad ius  of 8.5 f ee t  w a s  employed. 

A t e n  r a d i a l  armed cent r i fuge  having an  e f f e c t i v e  opera t ing  

A m i m a l  cages (lGx2OxlO inches)  were 

suspended from each arm by means of a p i v o t a l  yoke assembly. Tne cages 

had one degree of freedom and swung outwardly wi th  cen t r i fuga t ion .  The 

p o s i t i o n  assunied by t h e  cages during c e n t r i f u g a t i o n  w a s  such t'nat t h e  

r e s u l t a n t  fo rce  t o  which t h e  aminals were exposed was  normal t o  t h e  cage 

f l o o r .  A l l  cages were i l lumina ted  with ind iv idua l  f l uo rescen t  l i g h t s  

eutomated t o  provide d a i l y  on and off cyc l ing  a t  6 AM and 6 PM, respec-  

de". 

General Procedure. Overnight f a s t e d  rat, were divided i n t o  two groups; 

as con-crois . 
20-24 h r  f o r  a l l  experiments except  a s  otherwise noted. Ln0ediatei.y 

"ne combined per iod of fas-cing and cen t r i fuga t ion  t o t a l e d  

fol lowlng cen t r i fuga t ion ,  bo th  groups of rats were s a c r i f i c e d  by - -  decap- . 

i t a t i o n  o r  by h e a r t  puncture under yen toba rb i t a l  anes thes i a .  

szmples were c o l l e c t e d  i n  heparinized t a b e s .  Tissue sm-?les from l i v e r  

Blood 

and gastr ,cnemius muscle were taken, weighed, and p laced  i n  ho t  30% 

KO:-1 s o l a s i o n  w i t h i n  one minute o f  exsanguination. 

p r e c i p i t a t e d  wi th  e thanol  aad measured by Yne method of Montgomery ( 9 ) .  

Trte _- glycogen w a s  

Blood glucose w a s  mesLsured by t h e  method of Nelson-Sornogyi (10);  plasma 

free amino a c i d  (FAA) n i t rogen  by the method of Rapp (11). Ilasma free 

f a t ty  a c i d s  (FFA) were determined by T r o u t ' s  modi f ica t ion  (12) of Dole 's  

-3 - 
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nethod (13 ) . Plasna co r t i cos t e rone  vas measured f > m r o n e t r i c a l l y  wi tn  

a micro x o d i f i c a t i o n  of Pe te r son ' s  method (14)  as liescri-ced by Tykerry, 

e t  a l .  (15). Analyses of co r t i cos t e rone  by t k e  doubie i so toye  de r iva -  

t i v e  method (16) were done under the supe rv i s ion  of D r .  Leo E. Gaudette 

- . ~ 'I--_ ~~, 

of t'ne NEN Eiomedical Assay Laboratory, Boston, 14ass. Quan t i t a t ive  

ana lyses  of plasrna f ree  aqino ac ids  (FAA) were performed on p i c r i c  a c i d  

t r e a t e d  plasma samples us ing  a Beckqan-Spinco amino a c i d  analyzer  accord- 

i n g  t o  t h e  method of Moore, Spachmn, and S t e i n  (17). 

Resul ts  

Figure 1 represen t ing  t h e  cordDined d a t a  of t h r e e  sepa ra t e  experinents  -_ _ _  
shows t h e  p rogres s ive  inc rease  i n  l i v e r  glycogen depos i t i on  of c e n z r i -  

fuged rats as a f u n c t i o n  of e q o s u r e  t i m e .  A.x~~irnm ixx-ease I s  e f f e c t e d  

a f t e r  5 t o  24 hr of c e c t r i 3 g e t i o n .  

(P < o.ooi) i s  dezec tab le  as e a r l y  as t'ne f i r s t  hr of centr:fugetion. 

Concon.:-;zl,t changes i n  blood glucose, plasma FFA, and plasma FAA 

> I  

d h i g Z y  s l g n i l i c s n t  i r x x a s z  
u 

leT;els zrc ~?-ZI-J~ $3 7:s. 2 .  DcTl; >-sod gl-,c,--;t Z T , ~  pLasy-2 Fz-4 2.1-e 

- 1  i n c r m s c a  s i g r A f i c s ~ t l y  f o r  EL- x p s u r ' e  pe r iods .  Analyses of plzsrra 

FAA by ion-exckz:. >e cr-L-oA:-atog;-G~?3r~y on pooled sanples  fron rats c e n t r i -  

luged f o r  2.5 3-r along wi th  corresponding conzrols are S~IGWE i n  Table 1. 

it can be  seen t h a t  t h e r e  is a gene-alized r educ t ion  in plasma I'M; t h e  

o v e r - a l l  r educ t ion  i n  t h e  centr l fuged rats was 25%- Seve ra l  of t h e  a-nino 

a c i d s  including a l an ine ,  arginf-le,  pher,ylalanine-tyrosine, and p r o l i n e  

show a more pronounced decrease ranging from 38-47$. 

Xasma c o r t i c o s t e r o n e  l e v e l s  ir- cen t r i fuged  rats are i ac rezsed  

s i g n i f i c a n t l y  f o r  a l l  exposure per iods (Table 2 ) .  Although values f o r  

c o r t i c o s t e r o n e  by t h e  f luo romet r i c  method are considerably h ighe r  t han  



1 . -  *. 
. .  . .  t hose  obtained by t h e  6oubie iake ied  i s o t o p i c  ixethod, i n  generai ,  t h e  

r e l a t i v e  changes are s i m i l a r  a-nd corfiparable. In order  t o  niininize t h e  

d i u r n a l  e f f e c t s  on plasma cor t icos te rone  l e v e l s  (18), a l l  groups of 

rats were s a c r i f i c e d  between 9-11 .KC. - _I-." 

To f u r t h e r  i e l i n e a t e  ?;'ne func t iona l  r o l e  of t h e  ad renocor t i ca l  

system on the  glycogen depos i t ion  response, cen t r i fuge  s t u d l e s  were run 

on adrenodemedullated (ADM) , hmophysectomized (hYPGX) , adrenalectomized 

(ADFX),  and a l loxan-d iabe t ic  rats.  LD4 rats were eniployed 4 months a f te r  

operat ion;  ADRX' rats, 5 days; FE"X rats, 9 days; and a l loxan-d iabe t i c  

rats, 30 days. Glycogen . _ _  - _- response and corresponding changes i n  plasma 

co r t i cos t e rone  of these an ina l s  are shown i n  Table 3 .  It i s  observed 

?;hat compared to the glycogen respofise of normal i n t a c z  racs, only t h a t  

l ack  _- - -  of t'se AEX rats i s  s i g n i f i c a n t .  3 e  I. c;.sisonse of a l loxan-diai ie t lc  

rats i s  undoubtedly r e l a t e d  t o  the except iona l ly  high l e v e l s  of glycogen 

re"sii?ed by t h e s e  animals cpoc overnigh?; fzstLlag. 

l e v e l s  are increased  s i g n i f i c a n t l y  in  cent r i fuged  norza l ,  A D 4 ,  m d  

Plam;;. co r t i cos t e rone  
- _  -- 

a l loxan-d iabe t i c  rats b u t  are v i r t u a l l y  unchange2 i n  X Y X X  and AiiRX rats 

Thus, except for the anomlous response o f  alloxan-dizbetic ra ts ,  increased 

l i v e r  glycogen depos i t i on  i s  mxompmied by a r i s e  i n  plasrm cor t i cos t e rone .  

"able 4 shows t'ne . l i v e r  glycogen of rats subjec ted  t o  4.5 g f o r  5 h r  - 

with  one group s a c r i f i c e d  immediately after t h e  exposure and o the r s  

af ter  a 24 h r  pe r iod  o f f  t h e  cent r i fuge .  The rats taken o f f  t h e  c e n t r i -  

fuge w e r e  f u t ' n e r  divided i n t o  two groups. One grocp -;ras continued on 
-. 

a f a s t i n g  regime while  t h e  ot?Ler grodp w a s  f e d  ad lib. A f t e r  t k e  24 h r  

pe r iod  o f f  t h e  cen t r i fuge  both groups were s a c r i f i c e d  " -  and t h e i r  l iver  

glycogen measured. It can be seen t h a t  t'ne glycogen d e l o s i t e d  i n  response 

t o  cen t r i fuga t ion  i s  conglezely l o s t  when rats are f a s t e d  Z a r  a n  a d d i t i o n a l  

- 

-> - 

n 
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a h r .  Tke z b i l i t y  t o  depos i t  optCc&l moun t s  of glycogen a f t e r  feedizg  

i s  n o t  a f f ec t ed  by p r i o r  exposure t o  cen t r i fuga t ion .  'This i s  evident  

frern t h e  axount of glycogen deposited i n  t h e  cezurlfuged-refed groap of 

. _-,- ..,.̂  

rats eo-Tared t o  i t s  corresponding con t ro l  group. Table 5 shows t h e  

ce_creese /- i n  gastrocnenius  glycogen of cen t r i fuged  rats conpared t o  :;on- 

cent r i fuged  con t ro l s .  Alt'nough there q p e a r s  t o  be  e decrcase i n  muscle 

glycogen l e v e l s  during t h e  first hour of cen t r i fuga t ion ,  t hese  ckenges 

were n o t  very s i g n i f i c a n t  s t - t i s t i c a l l y .  __ - 

The e f f e c t s  of  combined s t r e s s e s  on t'ne glycogen depos i t ion  response 

were followed i n  rats subjec ted  sirmlteLeously t o  cenzr i fdga t ion  as well 

as s t a r v a t i o n .  Resul ts  are sho1.m i a  Fig.  3. Sats subjec-ced t o  s t a r v a -  

t i o n  a lone  show a minimum l e v e l  of E v e r  glycogen ef ter  2k hr. With 

cozt inued s t a r v a t i o n ,  s'rere is  2 progresskcs I n e r c z z e  IC l i v e r  gljrcs,en 

irhich reaches a m s x i m i m  level  on t h e  fourzh dsy. Rets subjec ted  t o  both  

In t h e s e  animals i;e anoui t  of glycoger alter 3 dzys or' exgosure i s  

reauced to an  insigr-iz'icant l e v e l .  ThLien muscle glycogen of s t a rved-  

cent r i fuged  rets are coxpared t o  corresponding s t a rved  c o n t r o l  rats, it 

i s  r"ca9d t'nat t h e  24 h r  s t a r v e d - c ~ a - ~ r i f u & e d  ~ z t s  heve s i g n i f i c a n t l y  h igher  

z:row-ts of glycogen tnan corresponding co rx ro l  ( 1  < 0.001)- 

day, however, c o n t r o l  animels have higher  muscle glycagen l e v e l s  than  

-~ 

3y t h e  t h i r d  

-2e s ta rved-cent r i fuged  animals.  i n  genera l ,  bo th  l i v e r  end m s c l e  

Zlycoger: i e - e l s  of s tarved-centr i fuged ram ere r & w e d  a f te r  t h e  f irst  

Lay of exposure. Noncentrifuged con t ro l  rats, i n  con t r a s t ,  show a 

progress ive  increase  i n  l iver glycogen and a concomitant decrease i n  

muscle glycogen wi th  exposure t ime. 
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Discussion 

/ 

These experiTents c l e a r l y  ir idicate t h e  depecdence of  t h e  glycogen 

depos i t i on  response on a func t iona l ly  i n t a c t  p i t u i t a r y - a d r e a a l  system. 

This is  evident  from t h e  observat ion t h a t  adrenalectomy and hypophy- 

sectorny abo l i sh  t h e  capac i ty  of centr i fuged a i m a l s  to respond. I n  

add i t ion ,  a c o r r e l a t i o n  can be drawzbetween t h e  increase  i n  ?lasma 

co r t i cos t e rone  l e v e l s  arid t'ne depos i t ion  of glycogen i n  l i v e r s  of 

cen t r i fuged  animals ( c f .  Table 3 ) .  An except ion t o  this, nowever, i s  

rioted i n  a l loxan-d iabe t ic  rats which e x h i b i t  a s i g n i f i c a n t  increase  i n  

plasma co r t i cos t e rone  l e v e l s  upon cen t r i fuga t ion  b-dt w i t h  rio apparent 

i nc rease  i n  l i v e r  glycogen deposi t ion.  

i n a b i l i t j r  of t hese  a n i m l s  to res;?ond i s  t h a t  as fa r  2s  t h e  glycogen 

depos i t i on  response i s  concerned, edrena l  co r t i cos t e rone  may a i r eaay  

A poss ib l e  exTlanatlon f o r  t h e  

be e x e r t i n g  an opt-imal act lvikjr  and that t h e  ad6i t ior ia l  &:omts 

1e:id sugport  t o  This view. 
...-- 

Altho-dgh no measurements were m d e  i n  this s tudy of the ad rena l  - 
medullary hormones, t'nere i s  no doubt t h a t  t h e  sympathetic discharge of 

epinephrine during a c c e l e r a t i o n  s t r e s s  p l eys  an ixrp0rtar.t r o l e  i n  the  

-_ 

mediation GI t h e  glycogen depos i t ion  response.  It has,  f o r  example, 

i 

long been known t h a t  adxinistra-; ion of epinephrine can e f f e c t  a 

" t r a n s f e r "  of glycogen from muscle t o  l iver  t i s s u e  t i rough  t h e  i n t e r -  

mediacy of l a c t a t e  formed f r o m  breakdown of rnuscle glycogen (Cor i  c y c l e ) .  
"- __  - 
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t a t i v e  of t h e  changes occurr ing ic m s c l e  tissues i n  general ,  from 

cons ide ra t ions  of t h e  r e l a t i v e  masses of l i v e r  and nmscle t i s s u e s ,  it 

i s  p o s s i b l e  t o  fully - account f o r  t'ne glycogen deposi ted i n  t'ne l ivers  

of cen t r i fuged  rats from stress ifiduced nusc le  glycogenolysis.  

t h e  s t andpo in t  of e s s e n t i a l  func t ion  i n  t h e  glycogen depos i t i on  response, 

Fron 

epinephrine i s  without  ques t ion  secondary t o  t h a t  of t h e  a d r e n a l  c o r t i -  

co ids .  Long and eo-workers (21)  have r epor t ed  t n a t  when rats are 

i n j e c t e d  wi th  epinephrine a r a p i d  &pos i t ion  of l i v e r  glycogen occu-s, 

whereas similar t reatment  of adrenalectonkzed rats w a s  without  e f f e c t .  

I n j e c t i o n s  of c o r t i c o i d s  i n t o  adrenalectomizei rats r e s u l t e d  i n  l i v e r  

glycogen depos i t i on .  From these  and o t h e r  consideraiioIis,  w? concl-;de 

that x h i l c  z p i n z ~ h r i n e  ~~ ~~ -. . 3 2 ~ 7  . narkedly affect. t h e  glycogen de9os i t i on  

response t h e  determinant f a c t o r  i s  the a v a i l z 5 i l i t y  of &rzriaL c o r t i -  

have been r epor t ed  t o  cause a n  increase i n  plasma FAA when adminis tered 

t o  rats (24, 25 ) .  

stirmlate zmino a c i d  " t rapping" by  t h e  l iver (26) .  

under condi t ions of a c c e l e r a t i o n  s t r e s s  physiologic  inc reases  

Flowever, it has been r epor t ed  t h a t  g lucocor t i co ids  

it i s  p o s s i b l e  t h a t  

i n  

-8 - 
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m i n o  ac ids  which are p r e f e r e n t i a l l y  lovered i n  ceatrifKged rat p l a s m  

aTe a l l  glucogenic and i s  suggest ive t h a t  s-cimxlation of hepa t ic  

gluconeogenesis by cort icoszerone xay be a factor in t h e  olsserved decrease 

_- 

i n  plasma YAA. 
-- ~ 

m, iLre prL?ary s i te  of i c t i o n  of gl 'cocort icoids  on l i v e r  glycogen 

syn thes i s  has not  been unequivocally determlned. 

has  been made r e c e n t l y  on t h i s  fundmenzal  problem. 

Kuch progress ,  however, 
, . -. .-- J 

There i s  increas ing  

evidence t o  support  t h e  p o s t u l a t e  t'na-L the p r i x a r y  s i t e  of a c t i o n  of 

g lucocor t ico ids  is  on some r a t e  l imi t in ,  ~ -'ocess of glycagen s y n t i e s i s  

lyi-g bet>Teerr glucose-6-phosphate and &cogen (27 -30). Studies  are 

of cor t i cos t e rone  a c t i o n  on acce le ra t ion  stress induced glycogenesis.  

, r .  r-- m e  e x c e l l e n t  t e c h n i c a l  a s s i s t ance  of ?k. 3en Zei tzan,  i'iiss Rosa 

Medina, and M r .  Gerald Brooksby i s  g r a t e f u l l y  acknowledged. 
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Table 1. Plasma f r e e  amino ac ids  of 2 1  hr fasted fernaie r a t s  cent r i fuged  

a t  4.5 ; f o r  2.5 h r  as measx-ed by ion-exchange chi-~-~t;;r~.ghy. 

E X  ::-ems of t v o  s e p r a t e  asa.lyses, GE a gooled .:;zml.e from 3 rats .  

Values 

ATotai 

26.0 
1.9 
6.9 
0.5 
4.2 
6.1 
4-5.0 
13.9 

3.3 

9.0 
2.3 
c. 8 

3. Q 
8.0 
8.0 

7L.? - 
2.3. 0 

11.3 

6. 3 
7 1  ri 31. L 

'*'-Pace 

- , .  2." 

220 

1.3 -7 
1.8 
4.1 
0.2 
3.2 
k . k  

37.c 
9.9 
3.0 
k . &  

Tota l  

- / -  LO. 1 
i. 1 
13.4 - - -  
:7> 

383 

16.6 
0.6 
8.4 

295 

321 
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t i v e  methods. 

Fluorometric pg/100 ml Double i so tope  ,ug/100 r l  
n. 
i uile , Non - 
hr Foncentrifuged Centrifuged Increase cenzrifuged Centrifuged Inci-ease 

0.5 62% k 14 176 F g 114 291 121 92 
++ 

1.0 62 2 14 165 ? 11 106 2.19 90 

? r r  :d,Ixes 1 - by the f luorometr ic  method are mans k stardai-d e r ro r  of & rats and are 

conposi te  sample from the rats. 
>A. 

'rol f o r  these s e r i e s  or' e q e r l m e n t s  rui? on zhe szme Gay. 1 .. 
L, u,TLT,on c on%- 

- 
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%ble it. Liver glycogen of r a t s  cen t r f fused  _"or 5 hr z-c i . 5  5 

Glycogen g/100 g -,issue 

Lmrne d iat e ly 2 L  k?- efte- 
af'ter ?'aszed 

i-oncentrifuged 0.21 t 0.06 0.71 i 0.16 8.09 10.25 

Cectrifuged 1.33 k 0.12 0.12 2 0.02 7.48 2 1.15 

Values are n e m s  t standard erroz of eight mimals. Rats were . 
fasted 16 hr pr io r  t o  centrifugation. 
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Glycogen g / l C 0  g t i s s ~ ~  

5.0 0.46 t 0.08 (4) 0.42 I 0.05 (7) 9.7 

~ e t s  were f a s t e d  16 hr p r i o r  t o  cer i t r i fugs t ion .  . 
s 

S i g n i f i c a n t  P < 0.1. 

Valu?s are neans i: s tandard  error of mrrher of .xiimls in parenth?s?s .  
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Pig .  1.- Liver  glycogen depositioi-i iii cent r i fuged  fenale rats as a 

Col-om h e i g h t s  a r e  L i e a s  o f  20 rats func t ion  of e q o s u r e  t h i e .  

with s tandard  e r r o r s  s'noim. by the brack-r,ed v e r t i c a l  l i r , e s .  

ALL rats were fas-ced f o r  a t o t a l  of 24 hours i i x ixd ing  t n e  t i n e  

of c e n t r i f u g a t i o n .  Rats were s a c r i f i c e d  by decaGi ta t ion .  

Fig. 2.- Changes i n  blood glucose,  plasma free f a t t y  ac id ,  and 
c 

plasm8 f r e e  amino a c i d  nizrogen o f  c e n t r i f q e d  rats with exposure 

bme.  

5 s o l i d  coiurms - c e n t r i f q e a .  0 l i g h t  co iums - c m t r o i .  

3 1  ,-.-A cc.mql nr, ? T O n O  nhCoinaA q-nnw 0 - n n c f h n f i  v70d r r , + c .  h , r  ' * p a r t  

puncture .  

i. Height of co lmis  a r e  mems I s%az?dard errcr of 6 r a t s .  

U L W W U  i)iW-."ILU lib& b v u  "u-ll*ru .LA " L A  U&.,&, "LA- "ly"I - - "- -J ----- - 

Fig. 3.- Effec t  of coiibined s t r e s s e s  of prolonged starvatlon 

c e n t r i f u g a t i o n  ( k . 3  - g )  on l i v e r  m d  gastrocnemius sluscle t i s s u e  

glycogen. Vilues a r e  Eeans 2 stzndard e r r o r  of 6 a n i r i s .  
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